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(71) I, Horst Wolf, a German citizen, 
of 26 Petrarcastrasse, 8, Mtinchen, 45, Ger- 
many, do hereby declare the invention, for 
which I pray that a patent may toe granted 
to me, and the method by which at as to 'be 
performed, to be particularly described tin 
and by the following statement: — 

The present invention relates to rein- 
forced concrete ceilings. 

According to the present invention, we 
provide a method of producing a reinforced 
concrete ceiling comprising the steps of: 
forming at least one prefabricated ceiling 
unit which includes a concrete frame having 
'longitudinal members and cross members 
defining a plurality of spaces, and hollow 
bodies which have upper and side walls and 
which are located over the spaces and are 
secured to adjacent longitudinal and cross 
members, and which has been reinforced 
to permit conveyance thereof prior to erec- 
tion; erecting said at least one ceiling unit; 
and pouring concrete at least between adja- 
cent bodies before or after erection of said 
at least one ceiling unit 

Further according to the (present inven- 
tion, there is provided a pre-rabricated ceil- 
ing unit for forming at least a part of a 
concrete ceiling, said unit comprising a con- 
crete frame having lon^tudinal members 
and cross-members defining a plurality of 
spaces, and hollow bodies which have upper 
and side walls, and which are located over 
the spaces and are secured to the adjacent 
'longitudinal and cross-members, and a re- 
inforcement to permit conveyance and erec- 
tion of the ceiling unit. 

Embodiments of the invention will now 
be described, by way of example only, with 
reference to the accompanying diagrammatic 
drawings, in which: — 

Figure 1 is a plan of a prefabricated ceil- 
ing unkjri accordance with the invention; 

U 



Figure 2 is a section taken on line II — II 
of Figure 1; 45 

Figure 3 is a section, to an enlarged scale, 
taken on line III — III of Figure 1; 

Figure 4 is a cross-section of a forming 
table on which the ceiling unit shown in 
Figure 1 ds produced; 50 

Figure 5 ds a fragmentary perspective view 
incorporating .two different embodiments of 
ceiling unit in accordance with the invention ; 

Figure 6 is a section, to an enlarged scale, 
taken on Mne VI— VI of Figure 5; 55 

Figure 7 is a side devatiion, to an enlarged 
scale, of part of the ceiling unit shown in 
Figures 5 and 6; 

Figure 8 is a section, to an enlarged scale, 
through part of the ceiling unit shown in 60 
Figures 5 to 7, prior to its completion; 

Figure 9 is a section similar to Figure 8, 
after completion; and 

Figure 10 shows "a portion of the irein- 
forcement of a plaster base of the ceiling 65 
unit shown in Figure 5. 

As shown in Figures 1 to 4, a prefabri- 
cated ceiling unit 1 has a rectangular base 
equal in size to the whole or pact of that 
of a reinforced-concrete ceiling to be formed. 70 
For example, the ceiling unit 1 can be 4 to 
6 metres k>ng and 2 to 3 metres wide. 

The principal components of the ceiling 
unit 1 are a concrete frame 2 having longi- 
tudinal members 2a and transverse or cross- 75 
members 2b, between which are rectangular 
openings ox spaces 2c, and hollow bodies in 
the form of inverted trough-shaped liners 3 
haviing an upper wall and side walls and 
which cover <be openings 2c between adja- 80 
cent longitudinal and cross-members. The 
liners 3 are rigidly secured to the members 
2a and 2b of the frame 2. In Figure 1, the 
liners 3 have been cut away horizontally, to 
enable the openings 2c in the frame 2 to be 85 
seen. The shape of the liners 3 can be seen 
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more clearly, however, in Figure 2 and 3. 
In the embodiment shown an Kgures 1 to 4, 
the liners axe made fin one with the concrete 
frame 2 by a method to be described later. 
5 It is also possible to .prefabricate the liners 
— from different materials, if desired, but 
preferably also (Prom concrete — as will ap- 
pear from die description of another em- 
bodiment of the invention. 

10 As can be observed from Figures 1 and 2, 
the members of the frame 2 are widened in 
the vicinity of the end edges by which the 
ceiling unit 1 tis supported, to form a peri- 
pheral Haying or support flange 2bb which 

15 can withstand the bearing stresses encoun- 
tered in use. 

The ceiling unit 1 is provided with static 
reinforcement which, dn the embodiment 
shown in Figures 1 to 4, consists of rein- 

20 forcemeat elements in the form of girders 4 
(which are preferably welded lattice girders 
or the like), seen most clearly in Figures 2 
and 3. The girders 4 have a top flange 4a 
and a bottom flange 4b, joined together by 

25 a lattice web 4c. The bottom flange 4b as 
cast into the longitudinal members 2a of 
the concrete frame 2 and the top flange 4a 
together with most of the web 4c, projects 
freely into the trapezoidal space defined 

30 between ithe opposed longitudinal wails of 
two adjacent liners 3. In a preferred arrange- 
ment, the top flange 4a extends upwardly 
beyond the liners 3. In addition, substanti- 
ally V-shaped reinforcing saddles 5 are in- 

35 corporated in the longitudinal members 2a, 
the saddles 5 passing under the bottom flange 
4b of the relevant girder 4 and having their 
upper end portions bent over sideways to 
extend over the liners 3 as shown dn Figure 

40 3. Reinforcing rods 6 are incorporated into 
the cross-members 2b and into the edge por- 
tions 2bb to provide transverse stiffness. 

Wooden nailing battens 7 are incorporated 
in the longitudinal frame members 2a, in 

45 which they are anchored by hooks 8 pro- 
jecting into die concrete. 

The liners 3 are reinforced with a light 
wire meshwork, 9, which, along the lower 
edges of the liners 3, has projecting end 

50 portions 9a, extending into, and anchored 
within, the longitudinal members 2a and the 
cross-members 2b (Figure 3). 

The ceiling unit illustrated dn Figures 1 
to 3 is produced as follows: 

55 Moulds 11 {Figure 4) of the same shape 
as the inside of the proposed liners 3, are 
secured to a levefl-tapped forming table 10, 
spaced apait according to the widths of the 
longitudinal members 2a and the cross-mem- 

60 bers 2b of the frame. 

The battens 7 are laid in the space between 
adjacent moulds 11 and between the moulds 
and a vertical edging strip 12 on the form 
ing table 10. In addition, the reinforcements 

65 consisting of the girders 4, the saddles 5 and 



the rods 6 are temporarily secured within 
the aforesaid spaces. The liner reinforcing 
meshworks 9 are fitted over the moulds 11. 
Then concrete is poured into the spaces 
between adjacent moulds 11 and between the 70 
moulds 11 and the edging strip 12. This 
concrete forms the frame 2 around the outer 
periphery of the bottom edges of the 
moulds 11, at the same time encasing the 
bottom flanges of the girders 4, the lower 75 
portions of the saddles 5, the rods 6 and the 
projecting end portions 9a of the liner re- 
inforcements. The battens 7 are also an- 
chored within the concrete. The liners 3 are 
formed at the same time; for this purpose, 80 
a portion of the concrete within the spaces 
between the moulds 11 can be spread over 
the moulds 11 or alternatively additional 
concrete can be sprayed on to the moulds 
11 from above until the thin-walled liners 3 85 
have been formed, the mesh reinforcements 
being embedded in the thin layer of concrete. 
In this manner an integral concrete structure 
is formed which contains its f uH comple- 
ment of reinforcement 90 

Once the concrete has set, the ceiling unit 
1 can be transported to the site without any 
special precautions. The girders 4 provide 
sufficient rigidity for the ceiling unit 1 to 
be loaded and laid with ordinary lifting 95 
tackle. On site, concrete is poured onto 
the ceiling unit, preferably up to the level 
indicated by the fine 0 tin Figure 3, and will 
encase all the reinforcing members project- 
ing upwardly from the longitudinal members 100 
2a and will preferably provide a covering 
over the tops of the liners 3, giving a floor 
or roof. 

The main difference between the embodi- 
ment shown in Figures 1 to 4 and that shown 105 
in Figures 5 to 10 is that, in the latter, the 
lower surface of the ceiling unit 1 carries a 
flat plaster base 14, and the liners 3 1 are 
separately prefabricated and are then bonded 
to the longitudinal members 2*a and cross- 110 
members 2 l b of the frame 2 1 . 
This ceiling unit 1 is made as follows: 
To start with, the material for the plaster 
base 14, namely cement, plaster and/or con- 
crete, is applied to the level surface of the 115 
forming table. A mesh of thin wires, 15 
(Figures 6 and 7) is embedded on the plaster 
base 14. It should be emphasised that ithe 
plaster base 14 has no static function what- 
ever in the cealing unit 1, its thickness only 120 
being about 1.5 to 2 centimetres. The wires 
15 serve only to hold together the layer of 
plaster forming the plaster base 14. In addi- 
tion to the wires 15, rods 16 are embedded 
in the plaster base and have loops 16a, 125 
which project upwards at regular intervals 
from the base 14. Likewise, the rods 16 have 
no static function to perform in the ceiling 
unit 1. 

The arrangement of the rods 16 an relation 130 
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to the wires 15 is shown on perspective in 
Figure 10. 

The liners 3 1 are separately made from 
some suitable material, preferably concrete, 
5 or alternatively, for example, resin-bonded 
wood shavings, plasltics, fibreboard or wood- 
wool bonded with cement or magnesite. The 
liners 31 are arranged, suitably spaced, on 
the plaster base 14 while the base 14 is still 

10 "green", Le. the material used for the plaster 
base 14 not having set. The bottom rims of 
the diners 3 1 ithus sink tinto the plaster base 
14, as can be seen in Figure 8. This pro- 
duces an .intimate bond between the plaster 

15 base 14 and the liners 3\ which can be 
improved still further by arranging for the 
projecting end portions 9*a of the liner re- 
inforcements 9 1 .to extend from the rims of 
the liners 3 1 and be bedded into the plaster 

20 base 14. 

Then, concrete is poured from above be- 
tween the liners. As can be seen in Figure 9, 
this concrete forms the longitudinal mem- 
bers 7>a and the cross-members 2 1 b of the 

25 frame 2 1 . The concrete in the fraime 2 1 keys 
well into the rough top /face of the plaster 
base 14, irrespective of whether -the concrete 
be poured on to the plaster base 14 while 
thiis is still green or after die plaster base 

30 14 has set. SimiJaafly, idle concrete in the 
frame 2 1 forms a firm bond with the bottom 
rims of the liners 3\ Because of the tra- 
pezoidal shape of the liners, they cannot 'in 
any circumstances be pulled up out of the 

35 frame 2\ The bond between the liners 3 1 
and the members of the frame 2 1 is further 
improved by the end portions 9 x aa of the 
liner reinforcements 9\ which, project side- 
ways from the bottom edges of the liners 3 1 . 

40 The end portions 9 x a and 9 l aa are bent 
alternatively downwards and upwards, so 
that they engage respectively in the material 
of the plaster base 14 and in that of the 
members of the frame 2\ The dose linkage 

45 of the plaster base 14 to the frame 2 1 is 
further improved by the loops 16a dn die 
rods 16 which are so placed that the loops 
16a project between .the liners 3 1 into the 
bers of the frame 2 1 . 

50 In the embodiment illustrated dn Figures 
5 to 10, in addition to transverse reinforce- 
ment {not shown) dn the cross-members 2 x a 
of the frame 2\ static reinforcement, con- 
sisting merely of longitudinal rods 4 1 is pro- 

55 vided in the longitudinal members 2 x a. To 
complete the static reinforcement, further re- 
inforcing rods are inserted subsequently, 
prior to the pouring of the concrete on site, 
into the spaces between the liners 3\ where 

60 they are then encased in that concrete. 

To ensure that irhe ceiling unit 1 is rigid 
enough to withstand conveyance and laying, 
concrete bridging connectors 17 (Figures 5 
to 7) are provided to join the top edges of 

65 adjacent liners 3 1 together. The bridging 



connectors 17 are soundly anchored to the 
liners 3 1 by virtue of -the fact that the re- 
inforcements 9 1 of the liners 3 1 have loops 
9 l b t which project upwardly and which are 
embedded in the bridging connectors 17. The 70 
bridging members 17 provide sufficient rigid- 
ity to the cefiiing unit 1 to enable the ceiling 
unit 1 to be lifted and laid with the aid 
of sLrnple -lifting tackle, and can be used as 
an alternative to, or (in combination with, 75 
the Tods 4*. They could also be used in 
combination with or as an alternative to the 
girders 4 in the Figure 1 embodiment, but 
the girders 4 themselves provide sufficient 
rigidity. 80 

Another possible method of making the 
ceiling unit 2 l rigid is indicated in the upper 
portion of Figure 5, where those walls of the 
liners 3 l which are dn alignment wiith one 
another are joined together by webs 18a and 85 
186, which extend the full height of the liners 
3 l . Holes 19 are provided in the base of the 
webs 18a, 18b to enable <the reinforcing rods 
to extend therethrough. 

In the embodiments described the trans- 90 
verse spaces between the liners (d.e. the 
spaces above the cross-members 2b or 2 x b) 
can be wholly or partly filled with concrete 
during pref abrication to form transverse ribs 
and the space enclosed by the webs 18a and 95 
l%b can be filled with concrete ait the same 
time. In the case of a celing unit 7 metres 
long, for example, all but one of the afore- 
said transverse spaces can be filled with con- 
crete at the prefabrication stage. The one re- 100 
maining space accommodates the staitic 
transverse reinforcement and lis left unfilled 
until the concrete is being poured on site. 
The invention is not limited to the examples 
illustrated here. It is ailso possible, of course, 105 
for separately prefabricated liners to be fixed 
to a concrete frame, without the <use of any 
plaster base, to form a ceiling unit. Irres- 
pective of whether the liners and frame have 
been made separately or together, it ds equ- 110 
ally possible, when nailing battens 7 are pro- 
vided, for a plaster or other base to be 
nailed to the ceiling unit and plastered. 
When the frame and (liners are being made 
dn one, another possibility is to fit a «remov- 115 
able negative form above the forming table 
as wdi such that just enough space for die 
ceiling unit is left between k and die moulds 
and table. The space can then be filled with 
concrete with the aid of a vibrator, numbered 1 20 
13 in Figure 4. The nature of the reinforce- 
ment used, as such, as a matter of choice 
and can be suited to static requirements. It 
is important, however, that the ceiMng unit 
be provided during the prefabrication stage, 125 
either by suitabEe reinforcement or wMi die 
aid of bridging members or stiffening webs, 
with sufficient rigidity to enable it to be 
readily transported and to be laid with few 
if any, erection supports. Essential or addi- 1 30 
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tional (members of the reinforcement used 
may naturally be fitted on site, before the 
concrete is poured. 
The ceiling unit particularly described is 
5 relatively large in area but fairly low an 
weight by "virtue of the frame construction 
and the tMn-walled -liners. Being adequately 
stiffened, it can be transported to die site 
and there laid without great effort or ex- 
10 pense. Ail .that remains to be done on site 
then is to concrete it in and possibly also 
to (place whatever reinforcement may not 
already have been included in the prefabri- 
cated unit. 

15 When the liners themselves are prefabri- 
cated separately from the concrete frame, it 
is possible to dispense with the large num- 
ber of separate moulds that would other- 
wise be required since the liners can then 

20 be made from a single mould. Prefabricated 
Mneis made oif concrete have particular ad- 
vantage, because the entire celling unit 1 is 
then of substantially monolithic construction 
made -throughout from the same compara- 

25 tively cheap material. 

In many cases, the undersSde of the pre- 
fabricated ceiling unit will meet the neces- 
sary requirements as regards appearance and 
surface finish. Where a smooth underside 

30 is desired, a plaster base can be nailed or 
hooked onto -the nailing battens on site and 
then rendered with plaster, although the em- 
bodiment in which .the piaster base is pre- 
fabricated with tbe ceiling unit is more ad- 

35 vantageous since the work required on site 
is less. This Hatter embodiment is further 
advantageous in that the reinforcing bars 
and rods inserted in the ribs are particularly 
well protected from rust, because they are 

40 shielded from below and at the sides not 
only by tifre concrete frame, but also by the 
plaster base and the liners. Good rust pro- 
tection 5s afforded from above, lin any case, 
by the concrete poured on site. When at least 

45 some of the transverse spaces between the 
liners are wholly or partially filled with con- 
crete during the profebrication of the ceiling 
units to form transverse ribs, the unit will 
have considerable transverse strength. If the 

50 said spaces be filled not quite to the level 
of the upper walls of the liners a "shoulder" 
wall be provided to ensure a good key be- 
tween t&Le ce2Bng unit and the concrete 
poured on site. When the unit is reinforced 

55 by the webs, the webs can extend only 
transversely so (that each transverse rib is 
uninterrupted across the width of the unit. 

tAithough the above description has re- 
ferred to single ceiling units, it will of course 

60 be appreciated that a plurality can be erected 
side by side and /or end to end, 'thereby pro- 
viding a large area onto which in situ con- 
crete can be ipoured. 
WHAT I CLAIM IS: — 

65 LA method of producing a reinforced 



concrete ceiling comprisfing the steps of: 
forming at least one prefabricated ceiling 
unit which includes a concrete frame having 
longitudinal members and cross members de- 
fining a pluraMty of spaces, and hollow bodies 70 
which have upper and side walls and which 
are located over the spaces and are secured 
to adjacent longitudinal and cross members, 
and which bas been reinforced to permit 
conveyance thereof prior to erection; erect- 75 
ing said at least one ceiling unit; and pour- 
ing concrete at least between adjacent bodies 
before or after erection of said at least one 
ceiling unit 

2. A method as claimed (in claim 1, in 80 
which moulds for the bodies are laid on a 
forming table, and are spaced apart accord- 
ing to the width of tihe longitudinal and 
cross-members in the concrete frame, the 
said frame and the bodies being moulded in 85 
concrete applied between and over the 
moulds. 

3. A method as claimed in claim 1, in 
which said bodies are prefabricated, said 
bodies are laid on a forming table and are 90 
spaced apart according to the width of the 
longitudinal cross-members in the concrete 
frame, the said frame then being moulded 

in concrete applied between the bodies. 

4. A method as claimed in claim 3, in 95 
which a relatively thin plaster base is formed 

on the forming .table, the prefabricated 
bodies are laid on the plaster base before it 
has completely set, and She concrete is ap- 
plied between the bodies so as to be firmly 100 
bonded to the plaster base. 

5. A method as claimed in any one of 
claims 1 to 4, in which reinforcing means 
is embedded in the longitudinal members 

of the frame. m 105 

■6. A method as claimed in claim 5, in 
which "the reinforcing means comprises 
girders having a top flange and bottom flange 
by which the ceiling unit is reinforced to 
permit conveyance, the bottom flange lying 110 
within the longitudinal member and the top 
flange lying within, or projecting above, the 
space between the adjacent bodies. 

7. A method as claimed in claim 6, in 
which the girders are of welded (lattice con- 115 
struction. 

8. A method as claimed lin any one of 
claims 1 to 7, in which reinforcing rods are 
embedded in cross-members of the frame. 

9. A method as claimed in any one of 120 
cl aims 1 to 8, in which reinforcement means 

is incorporated in the bodies. 

10. A meHhod as claimed in claim 9, in 
which the reinforcement means in the bodies 
extends outwardly along edges of the bodies, 125 
forming projections which are embedded in 
the longitudinal and cross-members of the 
frame. 

11. A method as claimed in claim 4, in 
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which a mesh of wires is embedded in the 
plaster base. 

12. A method as claimed ?in cdaim 4, dn 
which rods embedded dn .the plaster -base 

5 have projecting loops Which are embedded 
in the frame. 

13. A method as cla'imed in any one of 
claims 1 to 12, in which the ceiling unit is 
reinforced by bridging members which ex- 

10 tend between the nipper walls of adjacent 
bodies. 

14. A method as claimed in claim 13, in 
which reinforcement means in the bodies 
have portions which project from the body 

15 into the bridging member. 

15. A method as claimed in any one of 
claims 1 to 12 dn which (the ceiling unit is 
reinforced by webs extending between the 
side walls of adjacent bodies and in aftign- 

20 ment therewith. 

16. A method as claimed in claom 15, in 
which the webs contain openings which re- 
ceive reinforcing bars. 

17. A method as claimed in any one of 
25 claims 1 to 14, in which at least some of the 

transverse spaces between the adjacent bodies 
are wholly or partially filled with concrete 
during formaHion of the ceiling unit. 

18. A prefabricated ceiling unit for f orm- 
30 ing at feast a part of a concrete ceiling, said 

unit comprising a concrete frame having 
longitudinal members and cross-members de- 
fining a plurality of spaces, and hollow 
bodies wMch have upper and side walls, and 
35 which are located over the spaces and are 
secured to the adjacent longitudinal and 
cross-members, and a reinforcement to per- 
mit conveyance and erection of the ceiling 
unit. 

40 19. A ceiling unit as claimed in claim 18, 
in whiich the bodies are formed from con- 
crete and are dntegraH with the frame. 

20. A ceiling unit as claimed in claim 
18, in which the bodies are made from a 

45 material other than concrete. 

21. A ceiling unit as claimed in any one 
of the claims 18 to 20, in which the under- 
side of the frame carries a plaster base. 

22. A ceiling unit as claimed in any one 
50 of claims 18 to 21, in which the longitudinal 

members of the frame contain reinforcing 
means. 

23. A celling unit as claimed in claim 
22, dn which the reinforcing means comprises 

55 a girder having top and bottom flanges, the 
bottom flange being embedded in the 'longi- 
tudinal frame member. 

24. A ceiling unit as claimed in claim 23, 
in whiich the girder (is of welded lattice con- 

60 struction. 

25. A ceiling unit as claimed in any one 
of claims 18 to 24, in which the cross- 
members of the frame contain reinforcing 
means. 

65 26. A ceiling unit as claimed in any one 



of clalims 18 to 25, in which the bodies 
contain reinforcing means. 

27. A ceiling unit as claimed in claim 26, 
in which the reinforcing means of the bodies 

are anchored to the frame by projections 70 
from their bottom edges. 

28. A ceiling unit as claimed in claim 21,. 
in which the plaster base contains a rein- 
forcing mesh. 

29. A ceiling unit as daimed in claim 75 
21 or claim 28, in whiich the piaster base 
contains rods having portions which project 
upwardly and are anchored in the frame. 

30. A cdiling unit as claimed in claim 28 

or 29, in which the said reinforcement com- 80 
prises bridging members which extend be- 
tween adjacent bodies. 

31. A ceiling unit as claimed in dlaim 
30 and in which reinforcing means in the 
bodies have portions which project from the 85 
bodies and are anchored to the bridging 
members. 

32. A ceiling unit as claimed in any one 
of claims 18 to 29, dn which the said rein- 
forcement comprises webs extending between 90 
the side wails of adjacent bodies and in 
alignment therewith. 

33. A cdiling unit as claimed dn claims 
32, in which the webs contain openings for 
reinforcing rods. 95 

34. A ceiling unit as claimed in any one 
of claims 18 to 27, in which nailing battens 
are provided dn the underside of the longi- 
tudinal members of the frame. 

35. A ceiling unit as claimed in any one 100 
of claims 18 to 34, in which the frame has a 
peripheral supporting flange. 

36. A ceiiing unit as claimed in any one 
of claims 18 to 35, tin which at least some 

of the spaces between .the adjacent bodies 105 
are (partly or wholly filled with concrete. 

37. A method of producing a reinforced 
concrete ceiling substantially as Kerein- 
before desoribed with reference to the ac- 
companying drawings. 1 10 

38. A reinforced concrete ceiling pro- 
duced by the method claimed in any one of 
claims 1 to 17 or claim 37. 

39. A prefabricated ceiling unit substan- 
tially as hereinbefore described with refer- 115 
ence to the Figures 1 — 4, or Rgures 5 — 10, 

of the accompanying drawings. 

40. A reinforced concrete ceiling and /or 
floor structure, including at least one pre- 
fabricated unit as claimed in any one of 120 
claims 18 — 36 or claim 39, onto which in 
situ concrete has been poured, said structure 
being substantially as described herein. 

For the Applicant : 
CARPMAELS & RANSFORD, 
Chartered Patent Agents, 
24 Southampton Buildings, 
Chancery Lane, 
London, WC2A 1AZ. 
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